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‘Ibis  re|7ort  eover.s  the  work  performed  by  Ceneral  f.leetrie  Ordnaiue 
SvKtems  Division  pertaininp.  to  the  electrical  cir-i  rac  t  er  i  za  t  i  on  and 
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is  lanuarv  198(i  to  .lanuarv  1981.  Ihe  main  thrust  ot  this  oloetrical 
cliarai' t  er  i  za  t  i  on  el  fort  was  direi'ted  at  bip.h  militar\'  usave  peripheral 
and  core  drivers  and  mu  1 1  i  p  1  v  i  up  CMOS  dipiial  to  analos-  converti'rs.  Hie 
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following  device  types  were  evaluated: 

Peripheral  Drivers  -  55450  and  55460  family. 

Core  Drivers  -  55325/6/7  / 

Multiplying  CMOS  DACs  -  7520  family^ 

Data  obtained  during  device  characterization  is  published  in  handbook 
form  and  is  available  under  separate  cover  from  this  document.  However, 
samples  of  data  sheets,  histograms  and  plots  are  included  In  this  report. 
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PREFACE 


This  report  was  prepared  by  General  Electric  Ordnance  Systems,  100  Plastics 
Avenue,  Pittsfield,  Massachusetts,  for  Rome  Air  Development  Center,  Griffiss 
Air  Force  Base,  Rome,  New  York,  under  contract  F30602-80-C-0057.  It  covers 
the  period  from  January  1980  to  January  1981. 

The  work  on  this  project  was  performed  by  the  Electronic  Circuits  Engineering 
Operation  of  Ordnance  Systems.  Project  responsibility  was  held  by  Mr.  John 
Kulpinski  of  Circuit  Design  Engineering.  Key  individuals  who  made  significant 
contributions  to  this  work  effort  were  Messrs.  Thomas  Hack  and  Theodore 
.Rimonsen  of  Circuit  Design  Engineering  and  Messrs.  Larry  Deluca,  John  Dunn, 
Robert  Mossman  and  Jamie  Schwehr  of  Circuit  Test  Engineering. 

Mr.  Thomas  Dellecave,  RBRA,  is  the  Project  Engineer  at  RADC  for  this  contract. 
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SECTION  I 


INTRODUCTION 

Objectives 

The  overall  objective  ot  this  work  effort  is  to  ctiaracterize  and  specify 
MIL-M-38510  ("General  Specification  for  Microcircuits")  detailed  slash  sheets. 

Generally,  "characterization”  of  a  device  type  includes  several  related  tasks: 

o  Assessment  of  test  parameters,  limits,  and  test  conditions. 

o  Development  of  test  procedures  and  test  circuits  compatible  with 
automatic  test  systems. 

o  Analysis  of  limits  and  verification  of  test  circuits  via  sample 
device  testing  and  data  evaluation. 

o  Assessment  of  device  performance,  identification  of  anomolies. 

o  Generation  and  verification  of  detailed  burn-in  life  test  circuits 

Concurrent  with  characterization,  detailed  MI1.-M-3S510  siast:  sheet  development 
includes : 

0  Formulation  of  Table  I,  Electrical  Ferfornanc.e  Characteristics 
selection  of  test  parameters  required  by  military  users  and 
determination  of  test  conditions  and  limits,  compatible  with 
automatic  test  methods  and  with  device  yield. 

o  Formulation  of  Table  II,  Electrical  Test  Requirements;  Table  HI, 

Group  A  Inspection;  Table  IV,  Group  C  End  Point  Electrical 
pa rameters. 

o  Design  of  static  and  dynamic  test  circuits,  terminal  connection 
diagrams,  steady-state  power  and  reverse  bias  burn-in  circuits, 
accelerated  burn-in  and  life  test  circuits. 

All  of  the  above  activity  is  either  guided  by  or  reviewed  by  the  manufacturers 
of  the  devices  involved,  and  by  Rome  Air  Development  Center  (RADC). 


All  of  the  characterization  and  specification  effort  performed  is  based  upon 
the  fundamental  objectives  of  the  JAN  38510  program  -  namely  quality, 
reliability,  interchangeability,  and  standardization. 


Scopu  Dt  Applied  liiiorL 

The  s])ec;iLic  tasks  included  in  this  t-fiort  are  the  characterization  and 
specir  ication  of  the  :<>}  lowing  generic  device  types; 

o  Peri  pile  ral  Drivers 
o  Core  Drivers 
o  Multiplying  llACs 

Originally,  sense  amplifiers  and  line  drivers  were  also  planned  for 
character  izat ion.  Lack  of  vendor  interest  and  support  plus  discontinued 
[iroduction  by  one  vendor.  Led  to  cancellation  of  tiiat  eftort  and  addition  of 
the  multiplying  DAC  efiort. 

Background 

Cenerai  KLoctric  Ordnance  Systems,  one  of  166  operating  product  departments  ot 
the  General  Klectric  Company,  develops  and  produces  precision 

e loo t ronechan i ca 1  and  electronic  military  systems.  Current  activities  include 
developmeiii ,  des  ig.n  and  production  oi  tire  control  and  guidance  systems  for 
t;ie  Navy's  TKIDKNl  Flcu-t  Ballistic'  Missile  program,  tlie  MK.  7  3  Gun  and  Guided 
Missile  Director  (TARTAR),  the  MK  80  Director  (ACGIS),  the  PHALANX  close-in 
weapon  system,  MK  45  Gun  Mounts,  turret  drive  anti  stabilization  systems  for 
the  Armv's  Infantry  Fighting  Vehicle,  <idvanced  torpedo  propulsion,  and  jet 
engine  cotitrols. 

As  usttrs  of  microcircuits  for  military  systems,  Ordnance  Systems  has  also 
I'erformed  electrical  characterization  of  certain  linear,  digital,  and 
interfac"'  microcircuits  for  MII.-M-385iO  specification  under  previous  contracts 
to  Rome  Air  Development  Center.  These  specification  acitivicies  date  back  to 
1971  and  i?u'lude  seventeen  separate  contracts. 

General  Klectric  began  this  current  effort  in  MlL-M-3h5io  microcircuits  on 
d.inuarv  oi  198'),  iiavia;’,  previously  coinpieted  simil.ir  characterization  and 
s  ()eci  t  icat  ion  contracts  in  1976  -  1979.  Rli  ilosophies  ior  e^s  t  ab  1  i  shi  ng 
[xi  raineters ,  limits,  and  test  i-ircuits  tor  conventional  devices  like  op  amps, 
comparators,  logic  devices  and  data  converters  were  developed  and  coordinated 
with  RAUC,  DLSC,  and  tite  device  manufacturers. 

Tlii?;  current  effort  extended  past  efforts  to  a  new  cLiss  ot  devices, 
pe  r  i  pile  r/i  1  drivers  and  memory  core  drivers,  and  tlius  established  important 
; ;  roundwo  rk  in  the  development  ot  automatic  tests  and  sped;  icat  ions  tt)r 
liigh— speed,  iii  gli— voltage/cur  rent  logic  drivers. 

Gurrent  1  there  are  approximately  titirty  completed  and  in-process 
li  near/interface  slash  slieet.s  in  tlic  MI1.-M-38510  program.  Six  slash  sheets 
are  devoted  to  o-g  amps  including  the  bipolar  "stand, trds" ,  followers,  BlFETs, 
c|unds,  h  tgh-s  lew-rat.j ,  and  lo-power  and  lo-noise  BlKKTs.  Comparators, 
transistor  arrays,  and  precision  timers  are  contained  in  four  slash  sheets,  as 
are  CMOS  and  dl-'LT  analog  switches.  Voltage  regulators  are  specified  in  six 
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separ.ite  slash  slioots,  and  precision  voltage  reference  in  tu'f)  others.  Three 
slash  sheets  are  devoted  to  D/A  converters,  and  one  each  to  A/D  converters, 
sanp  le./ho  Id  circuits,  peripheral  drivers,  nemory  core  drivers,  and  1  i  ik’ 
drivers  and  line  receivers. 

Development  of  Slasli  Sheets 

A  procedure  for  deveiop.iao  new  slasli  saeets  to  MI  l.-,'!-'}SSl ')  has  evolved  through 
negotiations  a.nong  all  coacerm'd  parties.  Device  selection  is  influenced  bv 
user  needs,  which  is  deteri'iined  froia  the  Marketplace  and  fron  organized 
connittees,  such  as  the  Miiit.iry  Parts  Control  Group  (MPCAG)  at  DESC,  the  Gld 
Solid  State  KlA  Dev'Do-  Cor.inittee,  and  tlie  Mi  c  roe  1  ei- L  roni  c  s  i-’roject  Group  of 
tue  lev  t  roil  i  cs  Systens  Corartittee  oi  A!  A.  These  rec  onmendat  i  ons  are  balanced 
'.vi  th  nanuiacturer  recor.uaenda  t  i  ons  obtaine<i  via  the  .lC-41  Conniittee  on  Linear 
M  ic  roe  i  rcui  t  s.  Devices  of  recent  vint.ige,  having,  high  usage,  multiple 

a  pp  1  lea  t  ion  potential  in  military  systems,  proven  pi' rf  o  mance  ,  and  two  or  more 

sources  are  given  priorit}’.  Single-sourced  devices  are  accejitable,  especially 
fir  hybrid  devi^'cs,  aithoug.h  m.iiitiple  sources  are  |>re!erred.  Av.i ;  labi  i  i  ty  of 
devices,  and  expressed  :aa  nu  f  ac  t  u  re  r  interest  in  supporting  sl.i.sh  siieet 
dcVelopraeat  .ire  additional  important  cons  ide  ra  t  i  ■ 'iis  .  M.mui  uturers  Lvpic.ill)' 
recommend  devices  for  slasli  sheet  action  in  .iC-fi!  (hiiani  t  tees ,  and  then  cha  i  r  .a 

JC-sl  Subcomiai  1 1  ec  for  prepa  r  a  L  ion  of  sl.isli  siuet  p.i  ra:;u  t  e  rs  ,  limits,  and  test 

ci r'uits. 

i'lie  indnstrv  u.iL.i  slieet  foiTas  tile  basis  for  tiie  railil.iry  spec  i  i  icat  i  on 
para.'iii'tcrs  and  iimiL.s.  Ti'pically,  sucli  data  slieets  do  not  sjiecify  all  of  the 
..ei'essary  paranel.  rs  over  tiie  military  ien|)erature  r.ing.e  and  over  the  common 
■aoJe  volt.ig.e  r.in;,e.  The  JG-4  1  Subcoinra  i  1 1  ee ,  or  the  device  mannf  .icturer  , 
usual  Ly  prep.tres  ,i  proposed  sjiec  which  contains  more  i  nf  o  rraa  t  i  on  than  the 
industry  data  sheet.  ConvLicling  items  are  negotiated  in  committees  or  vi;i 
d.  irecl  cont.ict  with  manuf  actiirers. 

i.it.i  pr  . vises  .inother  base  for  determining,  par, meters  and  limits.  Devices  for 
test  .'ire  purcliased  from  distributors  and  are  also  obt.ained  l  rom  manufacturers 
'•ia  icADC  request.  Te.st  circuits,  compatible  with  automatic  test  systems,  are 
developed.  The  device.s  are  tested  on  a  Tektronix  S32b3  Automatic  Test  System 
at  GK  (irdn.ince  Systems  Klectronic  Test  Center.  Data  obtained  at  -55°C,  +23®C, 
and  +  IJS^^G  ambii-nt  is  correlated  to  bencli  or  vendor  test  data,  analyzed, 
r'-‘ducc'd  and  docunenti'd  in  data  li.indbooks.  Recommended  limits  are  compared  to 
tile  st.it  i  St  ica  I  sample  data;  p.arameter  limits  wliich  are  grossly  inconsistent 
with  the  data  are  rculily  identified. 

Spec  i  f  ica  t  ion  additions,  rli.ing.c-s,  and  alternate  approaclies  are  discussed  at 
the  comnittee  level.  Device  anomalies  are  identified  in  lab  bench  tests. 
!•'aiiurl,■  modes  are  also  i.loatified.  User  caution  notes  are  added  to  tlie 
stH'c  i  f  icat  ion  if  it  is  di-i'icd  appiropr  iatc . 

■-uru-in  circuits  at"  usually  recuiiimended  by  tlie  manufacturer  .-ind  evaluated  by 
K.M'C  aud/or  GKiiS  on  tiie  available  test  samples.  An  objective  is  to  minimize 
the  number  of  extern, il  components  wliilc  stressing  tlie  device  near  its  limits. 
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Kouj;h  lir.itL  cuiiios  of  the  fiaal  slash  sheet  are  prepared  at  CKOS  and  are 
forwaraed  to  RADC  for  review.  DESC  distributes  copies  of  this  spec  to 
naauf acturers  and  users  for  final  comments.  Following  assessment  of  the 
comments  by  all  concerned  parties,  DKSC  prepares  and  issues  the  slash  sheet. 

Characterizat  ion  Data 

Data  obtained  during  device  clutrac t e r iza t  ion  is  usually  publislied  in  handbook 
form  separate  from  this  di>cument.  Samples  of  the  data  sheets,  histograms,  and 
plots,  are  included  in  this  report.  The  follovjing  data  handbooks  were 
published  during  this  contract  effort: 

Characterizat  iiin  Data  for  Mlh-M-385  (0/ i  29  ,  Peripheral  Drivers 
(Commercial  Types  55450  -  454,  55460  -  464)  Jan  81 

Characterization  Data  for  MIi--M-385 U)/ 1 27  ,  CMOS  Multiplying  DACs 
(Commercial  Types  7520,  7521,  7523,  7541)  Jan  81 

r'onaal  Meetings  Attended  (GK  internal  meetings  not  included) 

JC-4  1  Comriittoe  on  Linear  iCs 

Feb.  5,  6,  1980  -  Phoenix,  AZ 

June  10,  11,  1980  -  Was'hington,  DC 

H- 1 .  7,  <S,  1980  -  Burlington,  MA 

KAiyC'/ GE  Mee 1 1  ngs 

Jan.  25,  1980  Contract  Plans  Pittsfield,  MA 

Mar.  4,  1980  Contract  Status  i  Plans  Rome,  NT 

Aug.  13,  1980 
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IiiLriidiK'Lion 

Tl'ic  Intortace  Mi  c  roc  i  rcui  t  s  &  linear  c'narac  ter  i  za  t  ion  efiorts  required 
the  aecur.iu  1  at  ion  and  subsequent  reduction  ot  vast  amounts  of  test  data. 
I'or  both  01  Ll'.ese  tasns,  CE  made  extensive  use  of  a  Tektronix  S-327i) 
test  system  and  a  Tektronix  software  development  system.  This  section 
will  describi,  tlu'  test  system  and  the  jtener.il  approach  to  expanding  its 
capabilities.  A  tew  displays  of  raw  and  of  reduced  data,  which  have  been 
developed  lor  th<‘  ik'vice  evaluations,  will  also  be-  shown.  Although 
several  oi  the  data  displays  are  somewhat  standardized,  many  of  the 
linear  device  types  required  t  tie  development  of  unique  data  display's  in 
order  to  effectively  illustrate  device  pi^rlOrmance  in  an  easily 
digestible  torm. 

Tewtrouix  ci-327h'  Tcoit  System  Fo.iturcs 

Tae  test  system  is  fully  equip()od  to  provide  .1  s Ca te-of-L lie-a r L 
enp, I'li^erina  tool  lor  device  characterization.  The  CPlllid  System 
Controller  has  th.e  !)aLe/Time  Opti<)n  that  pives  the  ability  to  store  d.ite 
and  time  information  in  the  direi:tory  and  data  files.  System 
pc  r  i  pile  ral  s  include  a  4014  Graphics  Display  Terminal,  tv.'o  CPI  10  Diss 
Drives,  a  Ci'220  Keader/Punch,  and  hA180  Deeprinter  1  and  a  4631  Hard 
Copy  Unit. 


For  volt.ipp:  and  current  measurement  and  device  stimulation,  tiie  system 
conta i ns : 

l:v)4  i'c'-t  Station,  which  contains  many  test  functions  and  all 
elecLconics  to  interface  the  device  under  test  (DUT)  to  the  system. 

.’.'143/44  Clock  Graie  r.i  to  rs ,  whiv-h  i>rovide  10  driving  and  4  comparing, 
program',  lable  ph.ases . 

Of'tion  2"  ve  form  Dig,  i  1 1  zi- r ,  which  provides  the  c.ijKibility  of 
converting  liuH)  points  on  a  waveform  to  10-bit  digital  values. 

Once  the  waveform  is  liuis  stored  in  memory,  software  can  be  used 
to  determine  such  thi:ig,s  as  rise  time,  overslurot,  settling  time, 
e  tc . 

Six  iiro);rammab  le  voltage  sources. 


Two  programmable  current  sources. 


Tenptroilix  A50A  TenperaLiire  Chamber,  wliiali  alloi-.-s  pro^rannabli- 
Db’T  Cenpcraturcs  from  -60  do^  C  to  +  160  deg  C. 

IPi'.P  Bus  Intorfaco  Card,  wliicl;  allows  riio  addition  of  li'.BK  Uii'6 
oonpatible  oquipnent  to  tiu'  system. 

'.v'ith  tlior.o  hardware  conpoiioats ,  tlic  test  ;  'stem  iias  the  followinj 
I ea  t  ures : 

Aeeocii  loda  tes  uj)  to  128  <iet  ive  pdiis  ( bA  i’ljiut,  uA  outj'ut) 
Functional  testing  at  2t  MHz;  loiee,  eoi.iparc  ,  mas^  and  store 
at  20  MHz 

DC  rests:  Dirtereiitial  eolt.i;*  i  usisiire  s-nt  s ;  torii  'i ,  neasuro  1 
forci.'  I,  measure  V 

Dynanie  Testing:  Repetitive  and  oni.--..:.  .t  t  i"ii.'  ne.is.iremeut  s ; 
f  tinct  iou.i  I  preeondit  ioaitt;; 

M0/N'0-t;(/  and  analytical  l.'si  e-ipahiliiy 

On-line  interactive  program  developmee.t 

t/i,',ital  wavel’orin  analysis  (I  sample/ pieosi-cunc ) 

i'l'i  environmental  control  (-no  dog  C  to  160  deg  C) 

Dat.i  to)e;Ln;;  an<i  reduction.  Computer  gr.ipi'.ics  display 

Tektronix  System  Accuracy 

The  linear  L<.'St  programs  were  developed  to  utilize  the  interna! 
Ti'ktronix  measurement/st imulus  liardware  as  nucii  as  as  possihle.  ho 
for  many  measurements,  the  Tektronix  system  could  not  provide  i!.e 
required  accuracy.  In  these  cases,  more  accurate  external  equiix.eii 
was  utilized  via  tite  ICKK  Ao8  Bus.  Two  disadvantages  in  using  ext<  r 
(.•i|uipnent  are; 

1)  additional  core  is  required  to  store  the  Ad8  bus 
control  routines  and, 

2)  I’xeeut  ion  time  for  externa!  functions  is  s  ign  i  f  icant  1  y 
longer  tlian  tine  to  <>xecute  intornai  Tektronix  functions. 


Table  2.1  lists  instruments  which  are  available  for  use  with  the 
S-32b0/70. 

Table  2.1  IEKK-4S8  Interfaced  Instruments. 


Manufacturer 

Model 

Description 

Fluke 

8502A 

Precision  Digital  Multimeter 

Hewlett  Packard 

3455A 

Precision  Digital  Voltmeter 

Hewlett  Packard 

4  2b  2  A 

LCR  .Meter 

Hewlett  Packard 

5328A 

Universal  Counter 

F  luke 

5  1 OOA 

Cal ibrator 

Ke  pco 

488-122 

Power  Supply  Programmer 

ICS  Electronics 

4880 

Instrument  Coupler 

Hewlett  Packard 

2240A 

Measurement  and  Control  Processor 

Nor  til  Atlantic 

225 

Phase  Angle  Voltmeter 

Figures  2-1  through  2-13  illustrate  the  accuracies  of  the  internal 
Tektronix  neasuronent  and  stimulus  tunctions.  Also,  for  certain  intern. il 
functions,  the  accuracy  of  the  external  equipment  that  provides  the  same 
function,  is  displayed  for  conp.jrison. 

On  many  occasions,  neither  the  Internal  Tektronix  equipment  nor  the 
external  equipment  had  sufficient  accuracy,  or  response  cine.  These 
cases  required  test  adapter  circuitry  to  interface  the  device  under  test 
(OUT)  to  the  test  equipment.  These  cases  will  be  described  in  the 
appropriate  chapters  covering  the  individual  linear  device  types. 

2.4  Correlation 

Testing  linear  devices  on  the  Tektronix  system  has  required  the 
implementation  of  many  new  test  techniques.  Each  new  technique,  whether 
in  the  form  of  adapter  circuitry  or  software,  must  be  verified  as 
accurate.  In  general,  the  first  step  of  verification  was  to  determine 
that  the  technique  is  designed  to  provide  a  measurement  that  is  at  least 
10  to  I  times  more  accurate  than  the  tolerance  of  the  parameters.  For 
instance  a  parameter  of  5.0  volts  plus  or  minus  lOf'  must  be  measured  by 
a  meter  that  is  at  least  accurate  to  plus  or  minus  l.f  when  measuring  5.0 
volts. 


;  1-3 


Verification  of  accuracy  also  included  conparison  of  data  taken  by  tlic 
new  technique  to  data  taken  by  an  alternate  method  -  usually  on  a  bench 
circuit.  Wlien  data  from  tlie  two  techniques  did  not  agree,  an  analysis 
of  error  contributions  was  ix;rformed  and  corrections  made  if  it  was  felt 
that  tue  error  was  significant. 

Correlation  ot  Toktronik  test  data  for  peripheral  driver  devices  to 
bench  data  uncovered  some  discrepancies.  One  discrepancy  involved  the 
inaccurate  specification  of  worst  case  test  conditions  for  output 
switcliing  times.  Correlation  uncovered  tl'.e  discrepancy  and  led  to 
reconmended  changes  to  tlie  slash  sheet. 

2.5  Da  t:  a  Red  uc  t  ion 

The  presentation  of  Lest  results  is  extremely  important  in  any 
characterization  effort.  Raw  d<ita  printouts  are  required  for  reccjrd, 
but  .ire  usually  not  organized  in  a  manner  that  enable  ^  one  to  scan  them, 
to  assess  g.enoral  parameter  trends. 

'  )a  t  a  I'a  h  1  c 

For  the  line.ir  devices,  the  first  step  in  d.ita  reduction  wa-'  .orgar.izing 
raw  dat.i  into  tables.  Figure  2-14  and  2-15  illustrate  two  v<iriations  oi 
dat.i  t.ihles.  Figuri'  2-14  illustrates  data  ta.^en  iron  multiplying  D/ A 
devices.  Figure  2- 1  a  is  the  tom  of  table  used  for  the  Peripheral 
Driver  devices.  The  left  iiand  entries  indicate  the  test  parameters  and 
test  conditions.  In  Figure  2-14  the  data  from  a  particular  device  is 
enterei!  in  th.e  column  bene.ith  tiie  tenpe  ratun.'  at  which  the  data  was 
t.iki.-n.  In  Fi)>,ure  2-15,  the  data  t..i..on  for  five  devices  at  a  particular 
temperaturi' ,  is  entered  in  columns,  “iote  that  in  both  figures  ttii’  low 
test  specification  limit  for  each  parameter  is  on  the  left  of  the  device 
data  and  tile  higli  sixic  i  f  ica  t  ion  limit  is  on  the  right  liand  side  of  tlie 
data,  iliis  en.nbles  the  reader  to  more  easily  determine  if  a  measurement 
on  a  devic.-'  lie.s  m.ntii.in.it  ic.il  ly  between  tlie  specii  i,cation  limits. 

Data  Summaries,  Line  Graplis 

Data  C.ibles,  for  tile  multiplying  U/ A  with  its  large  number  of  data 
points  are  too  voluminous  lor  .i  reader  to  mentally  reduce  and  detect 
trends.  Tlu'refoii’  ilie  l.irge  quantities  of  data  mist  also  be  presented 
in  .1  sunnarized  lorn. 

Figure  2-la  is  a  plot  of  line.irity  error  (in  hSlis)  tor  all  codes  between 
I'  .ind  SiHl,  The  plot  is  one  ot  five  sheets  developed  tor  eaeti  7520 
multiplying  D/A  device.  The  line.irity  plots  were  very  instrumental  in 
verifying  die  effectiveness  of  an  abbreviated  linearity  test  for  7520 
multiplying  D/A  devices.  Although  two  seper.ite  sheets  were  required 
for  I'.un  device  under  each  set  .if  operating  conditions,  one  set  ot 
sheets  .allows  one  to  quickly  assess  qualitatively,  tlu'  line.irity  error 
•  it  1024  codes. 


d-- 


iiiscograns 


ToKtronix  software  included  a  basic  histogram  routine  which  was  modificMi 
by  GE  to  provide  Che  variations  shown  in  Figures  2-17  and  2-18.  Figure 
2-lS  has  grouped  t'nirty  devices  according  to  hFE.  The  histogram  diiiers 
from  the  basic  Tektronix  histogram  in  that  the  bars  are  filled  in  and 
are  separated  by  a  narrow  non-darkened  region.  Figure  2-18,  another 
I'lLstogran  variation,  groups  the  codes  from  a  single  multiplying  U/A 
device,  according  to  the  magnitude  of  each  code's  error.  This  type  of 
plot  is  very  useful  in  comparing  general  linearity  error  characteristics 
of  one  device  to  another. 
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Section  III 


(Characterization  ot  Periplieral  Drivers) 


J.l  Introduction 

Devices  ior  interlacing  between  TTL  logic  c.  id  the  outside  jorld  have 
been  a  reciuirement  in  military  systems  for  as  long  as  TTL  logic  has 
been  employed  in  these  systems  The  devices  selected  for  characteri¬ 
zation  provide  great  flexibility  in  application.  The  devices  can  be 
used  as  high-speed  logic  buffers,  power  drivers,  relay  drivers,  lamp 
drivers,  MOS  drivers,  line  drivers,  and  memory  drivers.  Table  3-1  gives 
some  specilics  on  the  devices  tested  and  their  relationship  to  the 
military  slasli  sheet  device  types. 

Table  3-1.  Table  of  Device  Types  Specified. 


Mi litar\ 

('.eneric 

Manufacturer 

Peripheral 

Dev  ice 
Type 

Device 

Type 

Symbol 

Driver 

Description 

12901 

55450 

N,T 

Dual  NAND  gate  and 
(separate) 

transistor 

12902 

55451 

X,T 

Dual  AND,  gate  and 
connected 

transistor 

12903 

35452 

Dual  NAND  gate  and 
connected 

transistor 

12  904 

55453 

N,T 

Dual  OR,  gate  and  1 
connected 

t  rans istor 

12  9o5 

55454 

• 

Dual  NOR,  gate  and 
connected 

t  rans istor 

12  906 

55460 

- 

High  voltage  55450 

12907 

3  54  hi 

N,T 

High  voltage  55451 

12908 

55462 

- 

High  voltage  55452 

12  90  9 

55463 

N 

High  voltage  55453 

12  910 

35464 

- 

High  voltage  55454 

N  =  National  Semiconductor 
T  =  Texas  Instruments 


Tiie  manufacturer  symbol  column  reflects  the  source  of  tlie  devices 
which  were  characterized. 
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test  syste.T],  The  adapter  has  the  ability  to  test  all  static  aad  static 
pulsed  parameters  required  for  characterization  of  the  55450  and  55460 
peripheral  drivers. 

The  adapter  consists  of  Op  Amp  and  transistor  circuitry  used  to  force 
the  proper  pulsed  conditions  on  the  DcIT ,  while  stimulated  by  the 
S-3270,  Actual  signal  paths  to  the  DOT  are  implemented  by  relay 
control  and  routed  to  the  S-3270  for  testing.  All  other  static  tests 
are  performed  using  the  S-3270  driver  and  measurement  system  capability 

hp2  Tests 

Within  the  "static"  test  parameters,  measurement  of  hpp  was  the  most 
difficult.  Manufacturers'  data  sheets  specify  a  t^  =  300  us  with  a 
duty  cycle  ^  27,,  Bench  testing  indicated  that  hpp  testing  could  be 
.'rcurntely  performed  with  l  ^  =  100  us  and  a  duty  ovcie  of  2'.  Tlu’ 
data  sheet  specif  icat  ion  al'tows  time  lor  the  serve'  circuit  useei  in 
nieasiirement  s  Let  reae-n  its  final  value.  A  ma'ptr  ce'nveni  was  tii  mini- 
mi.te  tiie  eflA'ct  e'f  device  .self  l,..atLc.,;  ,in  parameter  :v,e;isure:’V- I'.t  . 


The  FortvarJ  Current  Transfer  Ratio  (hpj,^)  of  the  55450,  55460  peripheral 
driver  is  automated  usinc  the  circuit  shown  in  Figure  3-4  in  con¬ 
junction  .eitii  the  S-3270  and  the  Tektronix  Waveform  Digitizer  option 
20  (WFD'i  , 


ii-ure  1-4,  i,pp  lest  Circuit. 


I  ri-5 


The  criteria  for  measuring  hpg  is  to  force  Vqj;  and  1q  to  predescribed 
levels  v.'hile  servoing  the  base  current,  to  achieve  these  levels. 

The  Fonv'ard  Current  Transfer  Ratio  hpp  becomes 

hpv  ==  ^CE  constant 

Tiio  Vpi?  pulse  level  from  the  S-3270  is  applied  to  one  input  of  the  base 
drive  and  comparator  amplifier  circuit,  Al,  while  the  other  input  to 
amplifier  Al  monitors  the  level  of  the  DUT.  The  output  of  amplifier 

circuit  Al  servos  the  base  current  until  the  DlIT's  Vqv  voltage 
ec|uals  the  input  stimuli  from  the  S-3270.  The  collector  current  Ip  is 
forced  to  the  proper  level  by  the  relationship  of  (Vpp  -  since 

Vpp  and  Rp  were  fixed. 

iiuffer  anplifier  A2,  senses  the  voltage  drop  across  resistor  R[^,  which 
is  proportional  to  the  base  current  Ig.  The  buffer  amplifier  A2  was 
configured  in  a  differential  mode  to  reduce  large  common  mode  voltages 
present  on  Rp^  and  to  provide  increased  gain  for  single-ended  measure¬ 
ment  capability  need  by  the  WFD. 

'i.'n:e  )-;>  illustrates  a  digitized  voltage  pulse  from  across  Rg. 
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ivnire  3-5.  Ii  measurement  waveform. 
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The  voltage  translates  to  4.370  mA.  of  current.  Since  the  collector 
current  was  at  300  tnA.,  hpg  is  therefore  68.6. 

The  pulsed  measurement  techniques  were  used  with  V^;  of  3  V  at  cur¬ 
rents  Iq  of  100  mA  and  300  mA. 

VgE  and  Vge(SAT) 

The  Base  to  Emitter  Voltage  (VgE)  and  the  Collector  to  Emitter 
Saturation  Voltage  pulsed  parameters  are  measured  by  using 

the  circuit  of  Figure  3-6  for  S-3270  and  WFD  option  20. 
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The  requirements  tor  these  tests  are  to  force  a  given  base  drive  and 
collector  drive  current  under  pulsed  conditions,  while  measuring  the 
resultant  base-to-emitter  and  collector-to-emitter  voltages.  These 
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are  accomplished  by  applying  an  S-327U  programmed  voltace  V|.;  to  one 
input  of  comparator  amplifier  A2,  The  other  input  to  amplifier  A2 
monitors  the  voltage  Vg'  located  a  one  end  of  resistor  Rg,  causing  the 
output  of  A2  to  ser'/o  the  voltage  V^'  until  it  exactly  equals  the  input 
stimuli  voltage  Vj>,  applied  from  tlie  S-3270.  When  these  conditions 
are  met,  the  DPT  base  current  has  been  forced  to  the  proper  drive  cur¬ 
rent  level  by  the  relationship  of 

‘b  =  (Vdb  - 

since  and  are  constants. 

The  collector  current  (T^.)  is  forced  to  the  proper  conditions  in  much 
the  same  way  as  T|,,  vcith  tlie  e.xception  of  a  much  higher  current  prov'iJed 
bv  amplifier  Al.  The  relat ionsliip  of  S-3270  input  stimuli  \'g  to 
forcing  current  Ip,  becomes 

>0  =  -  Vp’),,^. 

I'ignre  3-7  illustrates  digitized  waveforms  of  '.'it:  (s.\in  ■  V,;p  paraci- 
ctors  tor  a  tvpical  354.)0  device  using  a  base  current  fj.;  -  IP  '.i\  and  a 
collector  current  of  lOj  cA  respect ivelv. 

Vj-j  Threshold 

Input  tlireshold  tests  are  Jeveloiied  for  tlie  S-3270  rest  system  to 

determine  the  mary.in  betwee\i  cuaranteed  =  >-  O.S  v  and  the 

actual  Vjp  Input  switcl>in'.'  point. 

Referring  to  i'ig.ure  3-6,  tlie  tests  weri  imp lcme''teil  b\  pulsinc,  input  A, 
while  sanpling  tlie  output  for  a  ciiang.o  f  state. 


Device 

Input 


Device 

Output 


iigure  3-6,  Vjp  Threshold  Test, 
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Tlie  initial  Level  startr-  at  +  2.0  V  and  each  succeeding  pulsu  is 
decremented  by  -10  mV.  During  the  low  level  of  the  pulse,  t  ne  device 
output  is  sampled  lor  the  Vq^  state.  if  the  output  fails  to  switch 
during  the  sampling  time,  the  input  pulse  is  returned  to  f  2,0  V  and  a 
new  pulse,  with  a  level  lowered  by  -  10  mV  is  applied  to  input  A.  Tliis 
process  is  repeated  N  times,  until  the  output  svv/itches  to  Vq^^,  at  wliich 
point  tiie  \' value  is  recorded 


'.'pp  ihresholtl 


The  input  Vpj|  threshold  tests  are  perforined  in  a  similar  manner  to  the 
\’ Liiresliold  tests  with  the  exception  ot  tlie  initial  pulse  level  and 
the  delta  increment  (refer  to  Figure  d-9'). 
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:  igure  1-9.  V[j|  Tlireshold  Test. 


1  die  initial  level  starts  at  t-  0.8  V  and  eacli  succeeding  pulse  is 
incremented  hv  g  10  mV.  During  tiie  higii  level  of  tlie  pulse,  the 
device  output  is  sampled  for  the  Vqi|  state.  if  the  output  fails  to 
ic  it'.h  t  '  tlie  \’jy|  state  during  the  sampling  time,  the  input  pulse  is 
■  cL.i'  icl  to  *-  0.8  V  and  a  new  pulse,  witii  a  level  increased  be  p  10  mV. 
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This  process  is  repeated  N  times,  uatil  the  output  switches  to  Vq^,  at 
which  point  the  V^n  value  is  recorded, 

Ttl.H>  TtULj  TpLH>  TpiIL 

Transition  times  and  propagation  delay  times  for  device  types  fi-lO) 
were  measured  using  the  S-3270  test  system,  the  Tektronix  High  Per¬ 
formance  Option  (IlPO')  and  a  specially  constructed  test  adapter, 

Tlie  lU’O  option  [jrovidcs  for  high  accuracy  time  measurements,  skew  time 
corrections,  low  device  pin  capacitance  ( < 18  pF)  and  buffered  scope- 
t\pe  compensation  on  all  device  output  pins  connected  to  the  S-3270 
system.  A  simplified  Hl’O  circuit  diagram  is  shown  in  Figure  3-10, 
indicating  Che  different  signal  paths,  attenuators,  and  output  compen¬ 
sating  networks  to  provide  high  accuracy  measurements.  Correction 
factors  such  as  ske-.v/  time  between  S-3270  sector  pins,  comparator 
offsets  and  output  compensator  netw'orks  are  all  handled  uiider  separate 
S-3270  calibration  procedures  to  ensure  integrity  of  the  system. 

Ambiguities  can  occur  as  a  result  of  time  measurements  dependency  on 
supplv  voltage,  temperature,  load  circuit  consideration,  layout  and 
test  equipment  inaccuracies 

Figure  3-11  is  tl^e  schematic  of  the  load  circuit  for  TTL  gates  that 
was  proposed  by  JC-41, 


'.'cc 


l  igure  3-11.  Jf'--4l  load  circuit  for  TIL  gates. 

Tliis  circuit  is  useil  Lo  simulate  10  standard  TTL  loads.  Comparison  of 
output  waveforms  obtained  with  this  circuit  loading  the  55450  "gate" 
output  versus  10  standard  TTL  gates  loading  the  same  gate  showed 
similar  results.  (See  I'ig.ure  3-12A,  B)  . 


Figure  3-12A 

^PLH  JC-41  load  circuit 

Vcc  =  V. 


Figure  3-12l> 

TpLK  using  10  TTL  gate  loading 
Vcc  =  "+-5  V 


The  JC-41  load  circuit,  however,  does  not  simulate  worst  case  loading. 
The  400  11  resistor  only  gives  10  times  the  nominal  Iql  at  Vql*  No 
provision  was  made  for  simulating  I  on  loadinu.  Cp,  isn't  high  enough  to 
reflect  the  maximum  input  capacitances  from  a  TTL  gate  (approximately 
5  pF)  . 


The  JC-41  load  circuit  also  increases  the  ambiguity  in  propagation 
delay  time  measurements. 

Propagation  delay  times  are  measured  at  the  l.owlt  points  on  the  input 
and  output  waveforms.  Tlie  flat  region  in  the  output  waveform  occurs 
near  1.5  V.  Propagation  delay  times  can  vary  by  as  much  as  4  ns  as  a 
result  of  placing  the  output  decision  point  on  the  low  side  or  the 
high  side  of  the  flat  region  in  the  output  vsjaveform.  This  is  clearly 
unacceptable . 

The  circuit  shown  in  Figure  3-13  has  been  used  as  the  load  circuit  for 
testing  the  TTL  gate  portion  of  the  peripheral  driver  ICs. 
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'L'o  Output 


CL=50pF 


Figure  3-13.  Recommended  TTL  gate  load  circuit. 

This  circuit  eliminates  the  ambiguity  in  propagation  delay  measurements 
and  also  stimulates  worst  case  loading.  Cl  was  raised  to  give  a 
realistic  value  for  ten  TTL  gate  input  capacitances  (5  pF/input)  . 
was  added  to  give  10  x  IjhmAX  •  ^2  selected  to  give  Iq  =  10  x  I^LMAX 

at  VqlmAX* 

Figure  3-14  shows  the  output  waveforms  that  result  after  changing  the 
load  to  the  recommended  configuration. 

Figure  3-14 

TpLH  using  recommended 
load  circuit 
Vcc  =  4.5  V 


This  additional  load  capacitance  increases  TpLj{»  and  the  flat  region 
previously  noted  is  eliminated  because  reverse  recovery  in  Di  occurs 
through  a  higher  effective  impedance.  This  eliminates  the  propagation 
delay  measured  ambiguity. 

Switching  time  measurements  for  the  output  transistors  and  for  the 
complete  peripheral  drivers  were  also  measured  with  a  Cl  =  50  pF  to 
reflect  a  more  realistic  value  of  load  capacitance. 

Supply  voltage  variations  from  4.5  V  to  5.5  V  have  resulted  in  vari¬ 
ations  in  switching  time  measurements  of  up  to  2  ns.  The  majority  of 
devices  exhibit  slowest  switching  action  at  -  4.5  V  so  this  has 
been  selected  for  these  measurements. 
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'■'efer  to  Fi^;ure  3-l'i  tor  a  of  typical  variation  in  switching, 

parameters  with  VcC" 


Tthl  Cl*50Pfd  Iol®200/ria  Rl=50ohm5 
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Transition  time  tests  were  the  most  difficult  to  imple.ment ,  since  they 
involved  switching’  times  in  the  order  of  10  ns  or  less.  Careful  con¬ 
sideration  to  the  test  adapter  layout,  inductance,  capacitance  and 
.eroundinf^  were  critical  to  ensure  that  clean  output  switching  waveforms 
could  be  a.chieved. 

Figure  3-16  shows  typical  output  transition  waveforms  from  three  dif¬ 
ferent  vendors. 

It  should  be  noted  that  the  output  transitions  are  different  in  the 
80"^  -  1007.  and  0?.,  -  207„  regions  for  each  vendor. 

Correlation  of  S-3270  transition  and  propagation  time  data  to  bench 
data  wa.s  verified  by  using  three  independent  method.s.  These  verifi¬ 
cation  methods  are  as  follows: 

1)  Measure  data  on  bench  circuit  using  oscilloscope. 

2)  Measure  S-3270  test  adapter  on  bench  using  oscilloscope. 

3)  Measure  S-3270  test  adapter  on  S-3270  test  system  using 
oscilloscope . 
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3.4  Test  Results  and  Data 

A  total  of  85  peripheral  drivers  were  tested  on  GEOS'  Tektronix  S-3270. 
Each  device  was  sequentially  tested  at  25“C,  -55‘’C  and  125‘’C. 

A  typical  data  sheet  for  a  group  of  55450  devices  is  shown  in  Table 
3-4.  Data  for  up  to  5  devices  is  displayed  on  a  single  sheet.  This 
method  simplifies  comparison  of  different  devices  at  a  single  tempera¬ 
tures  o 

The  data  was  also  recorded  in  the  form  of  histograms  for  selected 
parameters  at  three  temperatures.  (A  sample  histogram  is  given  in 
Table  3-5.)  Included  were  the  following: 


55460 

‘^TllL 

tpLH 

^TLli 

tpHL 

‘^PHLl 

tpLH2 

'Ve  1,2 

VCBOl 

^'bE  1,2 

'^CERl 

'^CE  1,2 

'^BEO 

55451 

*^THL 

‘^PLH 

*^TLH 

*:PHL 

55453 

tlHL 

•^PLU 

^’1.11 

*^PHL 

5546 1 

‘I  ill 

*^PLH 

*^TLH 

tpHL 

55463 

‘^TUL 

*^PLH 

•^PHL 

This  data  was  published  in  January  1981  for  RADC  in  a  211  pg  handbook 
ent it  led ; 


Characterization  Data  for  MIL-M-38510/129 
Peripheral  Drivers 
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(55450,  -451,  -452,  -453,  -454 
55460,  -461,  -462,  -463,  -464) 

Sample  data  sheets  and  histograms  have  been  included  in  tlie  Appendix. 
).5  Discussion  of  Results 

Most  of  the  test  data  taken  on  the  55450/55460  family  of  periplieral 
drivers  was  within  the  limits  proposed  by  the  JC-41  Committee.  The 
exceptions  were  the  result  of  changes  in  test  conditions  (for  example, 
changing  the  load  circuit  for  timing  tests) .  Although  data  on  a 
number  of  parameters  fell  within  a  relatively  tight  spread  relative  to 
the  test  limits,  no  attempt  was  made  to  tighten  the  test  limits  due  to 
the  relatively  small  number  of  device  samples.  The  exceptions  are 
noted  beloVJ. 

Sliort-circuit  output  current  (log) 

As  originally  specified,  the  IqsmIN  specification  was  tested  at 
liut  I^SMIN  i‘S  lower  at  VrQ\]j[\jv  To  ensure  that  log  would  be  within  the 
test  limits  over  the  full  supply  voltage  range,  IqsmI N  tested  at 
l0SM\X  tested  at  V'oomxX' 

Threshold  Voltage  (V'p) 


Thresliold  testing  of  the  periplieral  drivers  gave  results  that  were 
witliin  the  expected  range  of  values.  The  nominal  Vp  was  approximately 
1_3  volts  at  T/^  =  25”!:  with  a  d  approximately  -3  mV/''C.  Thi.s 

agrees  well  with  measured  Vt  values  for  standard  TTL. 

breakdown  Voltage,  V(;go,  VcER>  VebO 

In  all  devices  tested,  VcilO  was  greater  than  17  volts  (or  nearly  50)) 
above  tlie  minimum  breakdown  limit.  For  all  of  the  devices  were 

greater  then  22  volts  above  the  minimum  test  limit. 

Vendor  A  sliowed  slightly  lower  V^ggo  than  Vendor  b  (approximately  .5 
volts  lower  on  the  average) . 

There  were  no  significant  trends  observed  in  breakdown  voltages  versus 
temperature. 

All  lireakdown  voltages  were  taken  with  the  substraits  pin  floating. 
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static  iorwarJ  Current  Transfer  Ratio  (hpE) 


The  JC-41  Conmittee  test  conditions  specify  that  hpE  is  to  be  measured 
under  pulsed  conditions  with  tvj  =  300  us  and  a  duty  cycle  <  27,.  The 
devices  were  tested  over  a  ranine  of  values  for  tw  with  the  duty  cycle 
fixed  at  2,'.  with  negligible  changes  in  the  measured  values.  T^^.  was 
changed  to  t^^  =  100  us  to  simplify  test  hardware. 

At  T4  =  23''  ,  all  measured  hg£s'  exceeded  the  minimum  test  limit  by 
greater  than  two  to  one.  As  expected,  hpE  tended  to  increase  with 
increasing  temperature  over  the  full  temperature  range.  In  all  cases, 
the  devices  tested  exceeded  the  minimum  test  limit  by  a  reasonable 
marg in , 


3.b  Slash  Slieet  Development 

The  military  specification  (MIL-M-38510  slash  sheet)  on  the  peripheral 
drivers  was  developed  in  parallel  with  the  characterization  effort. 

Tlie  majority  of  the  slash  sheet  Table  I  parameters  and  limits  were 
recommended  by  the  Jc>4l  Committee  on  Linear  Integrated  Circuits.  The 
major  changes  occurred  in  the  switching  time  test  load  circuit  and  the 
Vcc  specification  for  the  switching  tests.  As  a  result,  the  switching 
parameter  test  limits  were  relaxed  as  needed  to  accommodate  the  new 
test  conditions,  Also,  the  iQg  testing  is  now  specified  at  both 
extremes  in  supply  voltage  in  order  to  have  the  test  data  reflect  the 
vi/orst  case  , 

3.7  Conclusions  anJ  Kecommendat ions 

85  generic  55450/460  peripheral  drivers  were  tested  on  GEOS'  S-3270  to 
characterize  their  electrical  parameters.  Bench  data  was  taken  to 
validate  S-3270  operation.  With  the  exception  of  switcliing  time 
parameters,  the  devices  were  well  within  the  test  limits. 

The  switching  time  of  the  devices  was  slowed  as  a  ,■  It  of  the  revised 
test  conditions.  The  test  Limits  for  these  parameters  have  been 
\videned  to  accommodate  the  test  changes. 
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SHCriON  IV 


>u;mury  core  drivers 

::ii.-M-38Slo/i30 


InCuoduc  L  i-oii 

Hk’  ) ’> 3 3 '/ i _lb/ 32 7  L.r.iiLly  of  moiiKiry  core  drivers  i  s  l  he  iir;-L  line  l'I 
Core  driwrs  to  bo  ciiarac  tor  izod  li.>r  !b\DC.  Da.  od  on  liiah  lO'L'vioio 
at  ti  i:-.at  ion  ot  Liioso  devices  in  military  sys  tenn. ,  both  !i:.a^ 

1  ns  t  mine  11  Ls  and  Eairciiild  Seraicondne  tor  reconuiio  ndod  c. ha  isic  l  o  r  i:;a  l  to  n 
ot  lIk'SO  do\'iCi.'S.  It  is  expected,  however,  that  le  -.a'  in  new  r.iilit.iry 
sysLeiiis  will  he  on  a  decline„  table  h-1  skives  sonK'  sp,,  ii  ies  on  LiU' 
de\'ices  ti’sLed  and  their  re  la  t  Lonsliip  ti.'  the  military  slasii  slieet 
device  Lyp..'S. 


lable  4-1  I'ahle  <.'1  Device  Types  Specified 


Ds- V  ice 

(\‘  n*.  r  ic 

Ma 111!  tac  Lure r 

I'u  t  put 

fypo 

lyi-e 

Symbol 

C'Mil  lyura  l  ion 

1 

;532  3 

E,  r 

Dual 

iio'urce  .Hid  dual 

Ink 

13i)-('2 

>  > 

E,  1 

Quad 

-  Ln  'r; 

1.5C-i>3 

)  3.32  7 

E,  1 

Quad 

ScHl  L'Cv.' 

[■'  =  i'.i  i  rcli  i  Id  Semiconvinc  lor  i  d  iscont  inuet!  r.i iil -  I  dSi  M 
1  -  Texas  !  ns  t  ruiiK'iU  s 


rhe  Ilia  nu  I  ac  t  nr<.‘r  symihoL  coJnmn  retlects  the  sonrew  o:  liii,  de\  ices 
wliicli  Were  to  bi.’  ciia  rac  1 1' r  i .  ed  .  t'cher  vendors  pri'dnce  liu  33323 
but  wei'i.  not  includetl  in  iIk'  ciia  rac  tel' i;;a  l  ion  liiort  inc<,  tiiev  lI  id 
not  cx'press  interi'st  in  the  <k\.i.c<.  !' i  i  rcii  i  1  il  r.iemory  core  drivers 

s'eie  c  iiarac  t  e  r  i  wd  .  Ihe  a-  ilevices  wi'i'e  discontinued  by  I'aircnild 
alter  c  ha  rac  te  r  i  s  a  t  ton ,  lexa-  :  ns  L  rumeiit  '  s  compiuieiiLs  v.\  aw 
tweeived  Loo  1  all.  to  In  charac  t>.' r  isaal . 

Do c  r  in  I  i  on  ot  It.  t  itW'  Types 

rile  )  3  V23/ j2u/ .127  ias.iil'.  't  device;.  |U'ovuie  bOO  ;;v\  ot  sourca  or  in 
c.ipabiliiv  lor  lai-morv  coiw  driva-r  appl  ic.it  ions  .  block  d  i.i  .iraim-  ot 
tin.  \artou;  di'vtcos  .iro  niven  In  i'liture  3-i,  and  doLailoi.1  sciKriatlc 
ale  1  \v  11  in  Ei/.uri.-  *-2.  Ihe  ini'iiL  circuit  el  [;r‘  eeia  drixars  is 

uleni  tc.il  te  that  r.  -i.  d  In  a  standard  ll'L  state.  !Knve\aa',  the  Lotes;.. 

pole  drlva'r  and  tin  eutpnt  stai;e  are  desiyac'd  dllleiaiitly  in  order 
le  di'lixer  nlaher  oniput  currents,  to  provttle  level  tran..lattim  liav, 
tandard  til.  le-sel  •  to  histher  s’litpnt  vollaao.s,  and  L-'  pres  ide  ,i 

■'lelis'd  el  e , '  at  r,  ■  1  i  i  n  a  nuixiimmi  output  cniianl. 


I'lu'  pi-L'.',iaiy  ci  i  1  betwcott  the-  35325,  55J2b  and  lIr-  35327 

I'.ionH'i'y  ci'rc  driwrs  is  uheii"  iHiLpiit  ai'rangomi.Tit  .  TIk-  55323  pravides 
t.u\'  source  and  twv.>  sink  luitpiits.  The  55326  tiirnislies  4  sink  outputs 
and  the  55327  has  4  "source  outputs". 

T'o  s  t  Do  V  L‘  1  o  pine  n  t 

liR’  test  dovoiopment  ior  memory  core  drivers  was  similar  to  the  Pencil 
test  dev'e  iiipment  for  peripiieral  drivers  (see  Section  3.3  l.  Vjp  ,  Vjl 

'"'iK’  'lH>  hi’  ^CC  (otf3>  ‘'CCl  ^€02  are  tested  in  much  tiie  ’ 

same  way  as  tiiey  are  tor  standard  TTL  gates. 

All  otlier  test  parameters  require  special  consideration,  however, 
since  tliey  involve  pulse  measurement  techniques  or  high  speed  switch- 
iiiL’  oi  tile  devices  under  test. 

A  simpliiied  scliematic  lor  the  static  test  circuit  is  included  in 
figure  4-3,  (Die  actual  test  box  developed  contained  all  of  its  own 
Loads,  drive  signals  and  power  supplies. 

Schematics  of  the  switching  time  test  circuits  are  included  in 
figures  4-4,  4  5,  4-P  and  4-7.  Automatic  tests  were  not  implemented 
for  ch.arac  terigation  of  this  device  family. 

lest  Kesiilts  and  Data 

A  total  v’f  24  memory  core  drivers  were  iiench  tested  at  =  25°C. 
Sample  test  data  of  devices  parameters  is  included  in  Table  4-2. 
resting  i  lie  55325  family  of  devices  is  straightforward,  requiring 
simple'  load  circuits  and  TTL  type  test  conditions.  Testing  is 
conipl  it  .iteil ,  iiowever,  by  the  large  comb  ina  t  ii-'n  of  input  and  output 
con  t  igu  ra  t  Ls'iis  required  by  the  device  under  test. 

Tests  tint  ri-quivc  unusiiil  lechniques  are  described  below; 

Satiiritioji  "\'.’ltage",  Vj^^g'Ci 

'‘(SAT)  i  mea.-.ured  using  pulse  tecliniques.  The  manufacturers  data 
■  iuR  t  siiecilie;  tiiat  t^^.  =  2U0  us  with  a  duty  cycle  of  ^  2).  Tht.' 
device  .  were  mi'asured  over  a  range  ol  repetition  rati'S  and  duty 
cycli',.  rile  measured  i'f.p  ( SAT)  relatively  insensitive  to  changes 

in  iv’Lii  Le-  t  conditions.  (Refer  to  figure  4-8.  ) 

lui.i  pa  rame  tL’r  mus.L  hi-  measnreil  at  the  DLi'f  pins  to  mininii7-e  measnre- 
ine  at  e  r  tuir  . 
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^out 


carbon . 

,  inci'cdin.-'  probe  and  ;if;  capacita: 
"IS  ■  carbon. 


inii'  Tf^i  rirciiil  tor  Device  Type  01 
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Device  Tyne  02 
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i — ^/vV-^ 


De/ice  Tyne  03 


:k'  •  50  pf 

T  '  -'  ^ 


6S :  1.  The  puxse  generator  snail  have  the  following  characteristics 

o,jt  ^  50  ohris  -  For  testing  (after  switching) 

.  RR  -  12.5it;;z,  =  -iOnS  -  For^all  other  tests. 

PRR  -  0 . 2)i:  ,  t„  -  200nS  . 

2.  Cl  =  5  OpF  •-  y"  (including  Jig  and  prone  capacitances). 

3-  Cp  ^i:  ni'.r.s  '  carbon  for  V^u  tests.  For  all  other  tests 
?.  1  ■  OC  c.'s.s  ♦  "^'0  caroon. 

.  Connect  to  7(C.ar.p)  for  device  tyne  '2.  For  de  ice  type 
connect  'j:'  to  7CF2. 

p.  3'  ch.T.s  •  p 1  device  tt-pe  3  only). 


Sw  i  t  cli  i  nv,  rinte  I'o.st  Circuit  ior  Device  i'ype.s  02  and  01 
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Figure  4-8 
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device  under  lest  (l)l'li  .0.  po;  ihie  \  I  1  line:,  wiri- 
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As  the  totem  pole  driver  (consisting  o£  (J2 ,  Q3  and  Qi^)  changes  state, 
the  bias  voltage  across  the  emitter  junction  of  Q|  changes  from  the 
forward  direction  to  the  reverse  direction.  Reverse  recovery  action 
begins  in  the  emitter  of  Qj^,  tending  to  discharge  Ci,  rapidly  through 
the  emitter  of  Qi  and  through  Q2.  After  recover,  is  cut  off  and 
Cl  is  left  to  discharge  through  Rg.  Hence,  the  output  of  the  core 
driver  shows  a  two  slope  transition.  The  steep  initial  transition 
is  due  to  discharge  of  Cg  primarily  through  Qi,  and  the  flatter 
portion  of  the  transition  occurs  as  Cg  discharges  through  R] . 

A  similar  effect  could  occur  with  emitter  breakdown  of  Q]^  during  a 
high  to  low  output  transition.  Further  work  is  needed  to  investigate 
the  exact  cause. 

4.6  Slash  Sheet  Development 

The  military  specification  (MIL-M-38510  slash  sheet)  on  memory  core 
drivers  was  developed  in  parallel  with  the  characterization  effori.. 

As  the  test  circuits  and  procedures  were  proofed  out  in  the  taking 
of  device  data,  they  were  also  incorporated  into  the  slash  sheet. 

With  few  exceptions,  the  proposed  slash  sheet  Table  I  parameters  and 
Ilnnts  are  the  same  as  in  the  manufacturers  data  sheets.  Limit 
changes  were  made  only  to  switching  parameters.  An  anomaly  was 
observed  in  i’THL  at  the  source  outputs  for  the  55325.  Further 
investigation  is  needed  to  fully  understand  the  cause. 

4.7  Conclusions  and  Recommendations 

Iwenty-four  generic  55325  series  memory  core  drivers  were  bench  teste 
at  (.;E0S.  The  devices  tested  in  a  predicatable  fashion  and  within 
manufacturers  limits  except  for  selected  switching  time  measurements. 
The  data  and  slash  sheet  parameters  and  limits  will  be  reviewed  h\ 
interofted  manufacturers  prior  to  issuance  of  MIL-M-38510/130 . 
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5.1  Introduction 

CMOS  multiplying  digital  to  analog  converters  were  initially  introduced 
in  late  1973  by  Analog  Devices.  Since  then  these  devices  have  been  used 
in  many  applications  and  several  other  manufacturers  have  incorporated 
them  into  their  product  lines.  Table  5-1  shows  the  CMOS  multiplying  DA 
converters  to  be  specified  in  MIL-M-385 10/ 1 27 . 

Table  5-1.  Table  of  Device  Types  Specified. 


Device 

CK;ne  r  ic 

Miinuf  acturer 

Mul t iplying 

D/A  Converter 

Type 

Type 

Code  * 

Desc  r ipt ion 

01 

AD7323S 

A.M 

8-bit 

res .  , 

8-bit 

lin. 

02 

.107  3  20  L’ 

A,M , 1 ,N 

10-bit 

res .  , 

10-bit 

lin. 

03 

AD7  52  U; 

A,M,I,M 

12-bit 

res.  , 

1 0-bi t 

lin . 

04 

.11)7  34  IT 

A,l 

12-bit 

res.  , 

12-bit 

lin. 

05 

AD754LT 

A,l 

12-bit 

res. , 

12-bit 

lin  .** 

06 

DAC10.20LD 

».• 

10-bit 

res .  , 

10-bit 

lin. 

07 

DAC1220LD 

iv 

12-bit 

res.  , 

10-bit 

lin. 

08 

0AC1218LD 

N 

12-bit 

res.  , 

12-bit 

lin. 

09 

DAC1220LD 

N 

12-bit 

res.  , 

12-bit 

lin.** 

*Manufacturer  Code 
A  =  Analog  Devices 
M  =  Micro  Power 
1  =  Intersil 

N  =  National  Semiconductor 

**Best  fit  linearity.  All  others  are  specified  with  end-point  linearitv. 

Later  deleted  In  slash  sheet  per  agreement  reached  at  .lEDEC  IC-4] 
meeting,  12  Feb  81. 
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A  ri'i-oinr.ii'iuiat  ion  tor  oliaracterlzation  and  possible  slash  sheet,  action 
Vv.is  ruuU  by  the  JC-Al  Conmittee  to  RADC.  Some  device  features  which 
should  sustain  tliis  recommendation  are  as  follows: 

1.  First  monolithic  10-bit  0/ A  converter.  (AD7520) 

2.  'kiiiy  potential  .applications  and  user  options. 

.i.  (aist  effective  with  otlier  conpetini;  process  technologies, 

4.  '.kvice  is  soiaa-ed  by  several  manufacturers. 

5.  how  powe  1'  it  i ss  i  pa t  ion . 

e.  ia  military  systems  is  high. 

llescriiHion  ol  Device  Tvpes 

r'i'.  s  series  ot  mu  1 1  i  pi  vi  nc.  D/A  converters  are  fabricated  witli  a 
ileposited  t  in  tilm  .,-21'  lailder  ,u’i  r  a  CMOS  iiUeprated  circuit.  A 
inucti.in.il  .-.ciMM.ii  ic  oi  .i  tvpic.i!  .  ircuit  is  shown  in  Figure  S-l. 


BIT  I  iMSBI  BIT  }  BIT  3  BIT  N  iLSBI 

OlGlTAl  INPUTS  lOTt.TTl  CMOS  COMPATIBl  El 

Figcai,  .  ".I'D  Multiplying  t)/.',  (ionverler 

i;u  l\-2i<  I.idiii’r  resistors  consists  ol  s  i  1  i  con-cliromium  material 
ai  r.ia  .ed  t.i  provide  the  iu  twori\  siiow'ii.  In  one  vendor's  design, 
till  se  resistors  liavi'  non  i  n.a  1  values  ot  in  K  ohms  and  20  K  ohms 
wit:  .111  ,1  tiso  !  lit .  •  ti'mi'i'r.i  t  lire  coellicii'ni  .>1  approximately 
-in'  ppn/.H'  and  a  tr.icking  ti-mpe  r.i  t  ure  coetficient  ot  better 
than  1  ppm/iUi. 

Will  ,1  .1  voitapa  is  a|iplied  to  the  relerence  termin.il  ol  tlie  structure, 
the  jirecision  ol  Liie  binary  division  of  current  is  governed  by  the 
'i.itcliing,  of  tlie  resistors  and  the  drop  across  t  ln'  associated  switche 

ior  jiroper  oivr  on  the  outjiut  t.-rminals  loutl  and  lout2  should 

l,c  as  close  t.i  nd  reference  as  possible.  The  CMOS  switches  of  the 

integrated  cir  iructure  are  shown  seliemat  iral  ly  in  Figure  .5-2. 


KiRurc  5-2.  OM()S  Switch  Schematic 


t 
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With  the  application  of  a  DTL/TTL/CMOS  compatible  logic  signal,  two 
CMOS  inverters  assume  the  proper  states  to  drive  their  respective 
output  switches  such  that  one  is  "ON"  and  the  other  "OfF".  The  end 
result  is  that  the  same  ladder  current  is  steered  in  either  direction. 

A  logic  "high"  input  results  in  an  loutl  switch  position  and  current 
flow. 

Most  applications  of  these  R-2R  ladder  and  switch,  networks  involve  an 
external  operational  amplifier  configured  as  a  current  to  voltage 
converter.  The  feedback  resistor  for  this  op  amp  is  one  of  the 
deposited  thin  film  resistors.  Figure  5-3  shows  how  botli  devices  are 
connected  together  to  form  a  voltage  output  multiplying  DAC,  The 
digital  input  word  determines  the  states  of  all  of  the  bits  from  the 
MSB  (Most  Significant  Bit)  to  the  LSB  (Least  Significant  Bit),  All 
of  the  binary  currents  gated  through  logic  "1"  positioned  switches  flow 
through  the  feedback  resistor  to  the  op  amp  output.  Therefore, 

Eo  =  -loutl  *  Rfb 

The  current  loutl  is  the  product  of  the  reference  voltage  and  the 
digital  binary  fraction  divided  by  the  R-2R  ladder  input  resistance. 

loutl  =  D  *  Eref/Zin 

where 

D  =  Bl*(l/2)  +  B2*(l/4)  +  B3*(l/8)  +  ...  BN*(l/2  expN) 

B1  thru  BN  are  1  or  0. 


.1 

4 
.  4 

i  ; 


i'>r  L'no  laoro  connon  2-quadrant  nultiplication  application  of  an  8  bit 
a<.vico  as  sliown  in  I'iguru  5-3,  the  relationship  between  digital  input 
and  analog  output  is  as  follows: 

Pigitnl  Input  *  Analog  Output 


1111  1111 


-VREF  *  (1  -  1/2  exp  8)  =  -  VREF  *  (255/256) 


l(iO(i  0001  -VREF  *  ((1/2)  +  (1/2  exp  8))  =  VREF  *  (  129/256) 

louo  000(J  -VRF.F  *  (1/2) 


unnii  Oi)01  (  -VREF  *  (1/2  exp  8)  =  -VREF  *  (  1/256) 

I 

OI;lUj  OoOO  I  0 
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This  current  mode  DAC  has  an  output  impedance  which  varies  with 
the  input  digital  code  word.  Parasitic  output  capacitance 
interacting  with  this  variable  output  impedance  can  result  in 
poor  closed  loop  response  (either  reduced  bandwidth  or 
ringing).  A  compensating  capacitor  across  the  output  amplifier 
feedback  resistor  is  recommended.  Since  the  output  impedance 
varies,  the  noise  gain  of  the  output  op  amp  will  result  in  a 
variable  gain  to  noise  and  offsets.  The  op  amp  should  therefore 
have  low  offset,  low  offset  drift,  and  low  noise.  Also  grounding 
techniques  should  be  given  careful  consideration. 

5.3  Test  Development 

A  variety  of  devices  were  procured  from  three  manufacturers  as  shown  in 


Table  5.2. 

Table  5.2. 

Device  Types  for 

Characterization. 

Generic 

Miinufacturer 

Quantity 

Date  Code 

Type 

AD7523UD 

Intersil 

10* 

7947 

AD7523TD 

Intersil 

6* 

7947 

;\D7520UD 

Intersil 

11* 

7947 

AD7520UD 

Analog  Devices 

15 

8006 

AD7520ljD 

Analog  Devices 

10 

8019 

AD7521UD 

Intersil 

12* 

7947 

AD7521UD 

Analog  Devices 

7* 

8030 

AD7541KD 

Intersil 

15* 

7949 

AD7541TD 

Analog  Devices 

10 

8038,8021 

DAC 12 18 

National 

10* 

804  5 

*Data  was  submitted  with  the  devices. 


Mucli  of  the  tost  development  for  the  CMOS  MDAC  characterization  originated 
with  the  work  done  in  characterizing  the  AD562  D/A  converters.  Many  of  the 
test  techniques  are  similar. 

CMOS  MDAC  Test  Parameters 

At  a  JC-41  meeting  in  August  1979  the  manufacturers  presented  a  proposed 
CMOS  MDAC  Specification.  A  list  of  parameters  is  shown  in  Table  5-3. 
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labLe  5-3.  Tost  Paranetors  for  Characterization 


I  ton 


No 

Symbol 

Test  Parameter 

1 

Icc 

Supply  Current 

2 

Iref 

Reference  Input  Current 

3 

IIL 

Digital  Input  Leakage  Current  (logic  0) 

4 

[III 

Digital  Input  Leakage  Current  (logic  1) 

5 

IZS 

Zero  Scale  Current  (lOUTl  at  logic  0  input) 

6 

dlZS/d'f 

Zero  Scale  Current  Drift 

7 

IZS' 

Zero  Scale  Current  (IOUT2  at  logic  1  input) 

o 

-tdVFS 

Gain  Lrror  (Full  Scale)  with  +10V  Reference 

9 

-dVFS 

Gain  Error  (Full  Scale)  with  -lOV  Reference 

10 

dVFS/dT 

Gain  Error  Drift 

1  1 

+PSS 

Power  Supply  Sensitivity  (+  IV  change) 

12 

-PSS 

Power  Supply  Sensitivity  (-  IV  change) 

13 

Or: 

Linearity  Error  (End  Point) 

14 

LE(bF) 

Linearity  Error  (Best  Fit) 

1  3 

MCb  , 

Major  Carry  Error 

O'. 

i"n: 

Feedthrough  Error 

17 

tSLil 

Output  Current  Settling  Time  (low  to  high) 

18 

tSHL 

Output  Current  Settling  Time  (high  to  low) 

19 

Co 

Output  Capacitance 

20 

cn 

Iloise  (broadband) 

Test  parameter  items  1  through  15,  except  LE(BF)  were  setup  to  be  measured 
on  GEOS'  S-3270  Automatic  Tester.  All  of  these  parameters  are  static. 

The  static  test  circuit  is  shown  in  Figure  5-4.  This  circuit  is  very 
similar  to  the  one  used  in  testing  the  AD562  D/A  Converters.  There  were, 
however,  several  essential  differences  which  had  to  be  made.  Since  the 
CMOS  multiplying  D/A's  use'  a  variable  reference,  it  was  decided  that  data 
had  to  be  taken  for  several  reference  voltage  conditions.  These  conditions 
were  chosen  at  +  10  V,  -  10  V,  and  +  1.25  V.  A  Fluke  5100B  was  used  to 
generate  the  different  reference  voltage  levels.  The  16  bit  reference  D/A 
converter  was  remotely  located  from  the  adapter  through  a  ribbon  cable  so 
that  it  could  be  used  with  other  test  adapters.  In  order  to  maintain  voltage 
accuracy  at  the  adapter  U6  error  amplifier,  the  reference  D/A  output  buffer 
U4  has  its  output  to  feedback  connection  made  at  the  error  amplifier  output. 
Also  a  ground  driver  U2-U3  is  used  to  force  the  DUT  and  adapter  ground 
to  be  at  the  same  potential  as  the  external  reference  D/A.  The  TOUT! 
current  output  of  the  DUT  is  converted  to  a  voltage  by  means  of  op  amp  U5. 
Since  a  millivolt  of  op  amp  offset  voltage  at  10  volts  full  scale  causes  a 
0.01%  linearity  error,  it  is  important  that  this  offset  be  trimmed  out. 

In  other  words,  lout  1  and  lout2  must  go  to  virtual  ground  and  output 
ground  for  proper  ojieration.  The  offset  adjustment  of  U5  is  done  with 
relays  K1  and  K4  energized.  For  any  digital  code  word  between  zero  scale 
and  full  scale,  the  test  circuit  and  software  are  mechanized  so  chat  nearly 
equal  and  opposite  voltages  are  generated  by  the  reference  D/A  at  the  output 
of  U4  and  the  DUT  at  the  output  of  U5.  The  differences  between  these 
voltages  is  amplified  by  U6  with  a  gain  setting  of  100  V/V  and  appears  at 
adapter  output  pin  21. 

Since  the  reference  D/A  is  accurate  to  16  bits,  it  is  assumed  perfect  and 
any  error  is  charged  against  the  DUT.  The  inverted  voltage  output  of  the 
DUT  D/A  at  U5  is  determined  indirectly  as  follows: 

EDUT  =  Eo/G  -  EREF  D/A 

EDUT  =  -Eo/lOO  -  10(N)/2  exp  B 


where 


G  =  -100  V/V  is  the  error  amp  gain 

N'  =  decimal  equivalent  of  the  input  digital  code  word 
B  =  number  of  bits 

An  Inspection  of  the  static  test  circuit  shows  that  if  the  measured  output 
voltage  is  positive,  EDUT,  although  negative  in  polarity,  has  a  greater 
magnitude  than  EREF  D/A.  Consequently,  the  DUT  output  has  a  positive 
scale  error  with  respect  to  the  Reference  D/ A. 

The  imaginary  non-inverted  value  of  the  DUT  D/A  can  then  be  written  as 
EDUT'  =  Eo/lOO  +  10(N)/2  exp  B 
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If  a  12  bit  MDAC  at  full  scale  had  a  measured  adapter  output  Eo  of  0.1 
volts , 


EDUT'  =  0.1/100  +  10(4095)/4096 
EDUT'  =  0.001  +  9.99756  V 
EDUT'  =  9.99856  V 

The  full-scale  error  of  the  device  in  %  can  be  determined  from 
+dVFS  =  [(-Eo(ES)/Gl)/9. 99756]  x  100% 

+dVFS  =  [(Eo(FS)/100)/9. 99756]  x  100% 

-l-dVFS  =0.1  Eo(FS)  %  VFS 
+dVFS  =  (0.1)(.l)  =  +  0.01%  VFS 


In  millivolts  the  full-scale  error  is  +  dVFS  =  0.01%  of  10,000  mV  =  1  mV. 
The  linearity  error  of  the  DOT  output  transfer  clia rac te ri st  i e  from  2’.ero 
scale  to  full  scale  is  perhaps  the  most  important  parameter  to  be  measured. 
For  characterization,  CEOS' s  procedure  has  been  to  measure  the  adapter 
output  error  for  all  digital  input  codes.  Thus  for  a  12  bit  converter  hU96 
discrete  measurements  are  required.  Automatic  calculations  are  then  done 
to  determine  the  deviation  of  each  DUT  output  point  from  a  straight  line 
between  the  DUT's  zero  scale  and  full  scale  end  points.  Figure  5-5  shows 
the  transfer  characteristic  of  a  hypothetical  poor  device  compared  to  an 
ideal  device.  '/q-.; 


Analog 

Output 

Voltage 


I  9.997i>6 

J 

I 

I  Actual  Curve 

j  Ideal  Curve  ■— i 


?er:’ec ; 


■,e:erence 


n  000000000000 

Applied  Digital  Input  Code 


111111111111 


Figure  5-5.  CMOS  MDAC  Transfer  Characteristic. 
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■  ■ :  ;  i<i.  s;i !  t  s  .1  'u;  Da  '  .1 

{.'ii.UMv.' t  o  r  i -M  L  i  an  data  taiw  ta.^an  on  twenty  l(t-bic  devices  iron  two 
vendors  and  tittci'n  Id-blt  devices  iron  three  veitdors.  Each  device 
was  sequentially  tesii'd  ior  all  parameters  ;i  t  25oC,  -55oC  and  125oC, 
ihe  data  was  recorded  in  several  ditlerent  forms  as  follov>;s: 

1,  A  dedicated  .-.iieei  lor  each  device  showing  all  parameters 
at  all  temperatures. 

2.  A  comparison  ot  i.iie  i.araneters  of  ten  devices  at  one  temperature 
on  .1  sheet . 

i.  I’araiiottr  1  i  s  t  oq  ra,.is  of  all  devices  at  each  temperature. 

A.  ''Mots  device  hit  linearity  eriajr  vs  applied  digital  input 
t  ■  o  d.  e  . 

S.  ladividiiol  devil'-  histo;;raiis  of  bit  linetirity  error  vs  frequency 
at  oc c  li r  re nci- . 

The  c  inj'lele  colli’etion  ol  data  was  j'ublishod  by  GEOS  in  a  handbook 
ell  t  i  t  1  ed  : 

Gh.i  rac  t  e  r  i  r.a  i  i  on  Data  lor  MI  l.-R-dS'lLO/ 1  27  CMOS  Multiplying 
DA  eonverters  (.XD/'AAo  f.  DAt’.  1020  Series) 


Representative  data  sheets  are  shown  in  this  report  as  follows: 
Table  5-A  Typical  Mfr.  Code  A  Device  Data  Sheet 

Table  5-5  Typical  Mfr.  Code  B  Device  Data  Sheet 

Table  5-6  Typical  Mfr.  Code  C  Device  Data  Sheet 

Table  5-7  Mfr.  Code  A  Data  (10  devices  at  25oC) 

Table  5-8  Mfr.  Code  B  Data  (10  devices  at  25oC) 

Table  5-9  Mfr.  Code  C  Data  (10  devices  at  25oC) 

Figure  5-10  Histogram  of  Gain  Error  (20  devices) 

Figure  5-11  Linearity  Error  Distribution  Histogram 
Figure  5-12  Linearity  Error  vs  Input  Code  Plot 

Figure  5-13  Linearity  Histogram  at  Vref  =  +  10  V  for  s/N  2 

Figure  5-14  Linearity  Histogram  at  Vref  =  -  10  V  for  s/n  2 

Figure  5-15  Linearity  Histogram  at  Vr£f  ~  1.25  V  for  s/n  2 

Figure  5-16  Linearity  Piot  at,  Vcc  ^  V 

Figure  5-1?  Linearity  Plot,  at  Vcc  •-  •  ,7  V 
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5-5  Discussion  of  Data 


The  cliairacterization  data  in  all  forms  was  reviewed  to  see  how  v;ell 
it  compares  to  the  original  limits  proposed  by  the  JC-41  Committee. 
A  discussion  of  this  data  on  a  parameter  by  parameter  basis  follows 

Power  Supply  Current  (lec) 


Tiie  power  supply  current  is  much  less  than  the  indicated  100  uA  limits 
when  the  digital  inputs  are  at  0  V  or  respectively.  GEOS'  data 

for  these  conditions  is  wrong  because  in  making  the  measurements, 
full-scale  was  set  at  the  100  uA  recommended  limit  while  the  actual 
current  was  typicallv  less  tlian  1  uA.  As  a  consequence  the  machine 
accuracy  and  offset  error  swamped  out  the  reading  to  be  measured.  This 
data  was  retaken  on  the  bencli  and,  except  for  one  device,  all  values 
were  less  than  1  uA.  K'lien  the  digital  input  levels  \~!ere  set  at  the 
0,8  \'  to  24  V  TTL  compatible  levels  the  supply  current  increased 
s  ign  i  L leant I  c ,  thus  indicating  more  leakage  in  the  OFF  transistors  of 
CMOS  switcl\es  At  -35" C  several  vendor  code  B  devices  just  exceeded 
the  2  in;\  r.axim.im  limit.  GEOS  recommends  that  the  -55°  G  limit  be 
raised  to  2,5 

iil t'f. 4 ■  uce  Current  (IkEFfa-),  IllEF(-'>) 

Ali  of  the  data  was  between  0.8  and  1.3  mA  compared  to  the  0.5  to  2  mA 
Ifiilts.  rhfs  current  reflects  the  value  of  tiir-  .  .lac.ae."  rc.'twork. 

Dii.Ltal  input  l.eakagc  Current  (Ijl>  Ipii) 

i  he  individual  device  sheets  were  set  up  to  indicate  P.ASS  or  FAIL  to 
summarise  the  results  if  any  of  the  ten  or  twelve  digital  inputs  had 
a  failure  No  failures  were  recorded  and  the  histograms  indicated  a 
spread  between  0  and  43  nanoamperes. 

Zero  Scale  Current  (Ip/g,  I/.s') 

Typical  device  data  was  much  less  than  the  recommended  limits  of 
f/-  2C0  ntV.  Except  for  one  maverick  device  which  measured  -149.5  nA 
at  12  5'  ,  all  other  data  was  between  -11  nA  and  9.  GEOS  recommends 
tliat  the  limits  he  reduced  to  ■  100  nA.  It  is  believed  tliat  tlie  single 
unt /pical  value  could  be  a  measurement  error  because  it  does  not  agree 
with  suiimitted  vendor  data. 
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zero  Scale  Current  Drift  (dlZS/dy) 

A  review  of  the  data  indicates  that  limits  of  +/-  400  pA/°C  would  be 
reasonable.  There  was  no  JC-41  reconnmendation  on  this  parameter. 

Full  Scale  Error  (+  dVFS,  -  dVFS) 

The  distribution  of  data  between  -  45.6  mV  and  17.6  mV  was  well  within 
the  •*  100  mV  recommended  limits. 

Full  Scale  Error  Drift  (dVFS/d  ) 

All  of  the  data  is  within  the  ;*  10  ppm  VFS/V  limits. 

Power  Supply  Sensitivity  (+  PSS ,  -  PSS) 

The  distribution  of  data  is  very  much  tighter  than  the  recommended 
limits  of  100  ppm  VFS/V.  GEOS  recommends  that  these  limits  be 
reduced  to  •  50  ppm  VFS/V, 

Linearity  Error  (LE) 

Linearity  error  is  one  parameter  which  cannot  be  negotiated.  The 
linearity  has  to  be  within  1/2  LSB  to  meet  the  stated  accuracy 
requirement.  Most  of  the  data  is  well  within  the  ±  Hi  LSB  limits. 
Figure  5-12  shows  how  the  linearity  for  a  typical  device  varies  with 
its  input  code.  Figures  5-13,  5-14  and  5-15  show  the  linearity 
histograms  of  one  device  (S/N  2)  with  Vj^p  =  +  10  V ,  -  10  V  and 
+  1.25  V  respectively.  Because  of  the  apparent  independence  of 
reference  voltage  level  the  specification  requirement  to  test  at  all 
three  levels  may  be  reduced  to  testing  at  +  10  V  only. 

Feedthrough  Error  (ITE) 

All  of  the  data  for  devices  from  vendors  A  and  B  were  under  8,5  mVpp. 
These  devices  are  within  their  10  mVpp  limit.  Vendor  Gode  C  devices 
had  feedthrough  errors  as  high  as  19  mVpp.  These  devices  satisfy 
their  25  mVpp  limit. 

Output  Current  Settling  Time  (t5LHf  tSHL) 

All  devices  had  data  values  within  the  recommended  1  usee  maximum 
limit . 


ijufpuG  Jfiy.citaiice  (  Co  ) 

AJ-i  (iyvicc  da:. a  .■.ai.i.o’iy  ;  tdr-  .r,’-4l  Comiiil Ltoe  h,  !'eeo,Tm’:i;mea  limits. 
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I'he  .iiajh  MIL-M- .0^1  j/127,  was  aevL.-loped  a:,  a  joint  effort  of  GEOS 

and  the  JC-^1  joDjrS  ttee.  Subeojmnittee .  The  majority  of  the  teat  parameters 
were  eatabli.hed  ea* ly  in  the  slash  sheet  development  in  a  JC-^1  Subcom¬ 
mittee  meeting.  One  major  change  has  been  the  deletion  of  +5V  as  a  rec- 
commended  operating  supply  voltage.  All-codes  data  taken  on  a  7520  device 
from  vendor  A  showed  excessive  linearity  errors  and  differential  linearity 
errors,  especially  at  '12'y^C.  A  comparison  of  one  such  sample  of  data 
taken  at  two  supply  voltages  is  shown  in  the  Appendix,  Table  5-1^  and 
Table  ij-17.  GEOS'  rev-ommendation  to  limit  operating  voltage  to  +I5  volts 
was  adopted  by  th >  JC-^1  committee. 

A  major  goal  of  the  characterization  was  to  develop  an  abbreviated  test 
for  linearity.  Initial  all-codes  testing  of  the  7520  linearity  error 
showed  that  the  abbreviated  test  used  for  the  562  12-bit  d/A  Converter 
specified  in  MIL-M-385IO/I2I  was  invalid  for  the  7520,  since  it  did  not 
•find  the  worst  case  codes  having  maximum  linearity  error.  The  following 
approach  to  an  abbreviated  Lest  was  developed  by  GS  and  is  proposed  for 
the  slash  sheet j 

1.  Measure  all  combination.^  of  the  four  MSB's  with  the  lower  order 
bits  OFF. 

2.  Measure  each  of  the  lower  order  bits  with  the  four  MSB's  OFF* 

3*  Determine  the  code  word  with  the  most  positive  predictable  error 
based  on  the  above  tests,  and  measure  that  error.  Repeat  this 
measurement  but  with  all  lower  order  bits  complemented  one  at  a 
time . 

Repeat  the  third  group  of  tests  above,  but  with  the  most  negative 
■  predictable  error  codes. 

This  abbreviated  test  is  done  in  Group  A  at  three  temperatures.  An  all- 
codes  test  at  three  temperatures  is  also  required  on  a  sample  basis  in  the 
slash  sheet. 

This  device  is  used  as  a  multiplying  DAC  in  many  applications.  Therefore, 
it  is  also  necessary  to  test  its  ability  to  convert  digital  inputs  with  a 
negative  reference  voltage  applied.  GE  has  characterized  the  7520  device 
at  three  refence  voltage  levels;  +10V,  -  lOV,  and  ^  1-25  V.  Linearity 
errors  are  comparable  at  all  three  reference  levels,  although  in  many  cases 
the  ■  error  is  slightly  greater  at  minus  ten  volts  than  at  plus  ten  volts. 

In  order  to  guarantee  the  performance  for  both  polarities,  the  abbreviated 
test  is  also  required  to  be  run  at  both  plus  and  minus  10  volt  levels, 
and  at  r  1.2b  volts,  r his  requirement  will  be  further  negotiated  with  the 
JC-Ul  committee. 

Table  I,  Electrical  Performance  Characteristics,  MIL-M-38blO/l27,  is 
included  in  the  following  for  reference. 
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5*7  Conclusions  and  Recommendations 

The  7520  lO-bit  DAC(and  the  7523  8-bit  DAC  which  is  manufactured  using  the 
7520  chip)  has  been  characterized  and  is  judged  suitable  for  use  in  mil¬ 
itary  systems  when  procured  via  MIL-M  38510/127.  Device  manufacturers 
will  review  the  characterization  data  and  proposed  slash  sheet  before 
the  issuance  of  the  final  slash  sheet. 

The  7541  12-bit  DACs  have  not  yet  been  fully  characterized  at  the  time 
of  writing  of  this  report.  That  effort  will  be  completed  and 
integrated  into  the  final  released  specification. 
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Figure  5-10,  Histogram  of  Gain  Error. 
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Table  1.  Electrical  performance  characteristics.  1/ 


Characteristic 

Symbol 

Conditions 
Vcc  =  +  15V, 
paragraph  3.' 

Vref  -  +  lOV, 

'4  and  Figure  7. 

Device  Limits  Units 
Type  Min  Max 

Supply  current 

Icc 

All  digital 

inputs 

at 

OV 

All 

100 

uA 

from  Vcc 

All  digital 

inputs 

at 

Vcc 

All 

100 

uA 

All  digital 

inputs 

at 

0.8V 

All 

2 

mA 

All  digital 

Inputs 

at 

2.4V 

All 

2 

mA 

Reference  input 

Iref 

All  digital 

inputs 

Vref=  lOV 

All  0.5 

2 

mA 

current 

at  Vcc 

lOUTl  and  10UT2 

Vref=  -lOV  All  -2  ■ 

-0.5 

mA 

grounded 

Digital  input 

IlL 

All  digital 

inputs 

at 

OV 

01-05  -1.0 

1.0 

uA 

leakage  current 

All  digital 

inputs 

at 

0.8V 

06-09  -200 

1.0 

uA 

IIH 

All  digital 

inputs 

at 

Vcc 

01-05  -1.0 

1.0 

uA 

All  digital 

inputs 

at 

2.4V 

06-09  -1.0 

100 

uA 

Zero  scale 

IZS 

All  digital 

Inputs 

at 

0.8V 

All  -200 

200 

nA 

current 

IZS' 

All  digital 

inputs 

at 

2.4V 

All  -200 

200 

nA 

Zero  scale 

dIZS/dT 

All  digital 

inputs 

at 

0.8V 

All  (later)  pA/^C 

current  drift 

Full  scale 

+dVFS 

All  digital 

inputs 

at 

Vcc , 

All  -1 

1  %VFS 

error 

I0UT2  at  OV, 

.  Vref 

=  +10V 

-dVFS 

As  above  with  Vref 

s 

-lOV 

All  -1 

1  %VFS 

Full  scale 

dVFS/dT 

Change  in  +dVFS  from  • 

-25OC  to  All  -10 

10 

ppm 

error  drift 

1250c  and  from  25°C  to  -550C 

VFS/OC 

Power  supply 

+PSS, 

All  digital 

Inputs 

at 

Vcc; 

All  -100 

100 

ppm 

sensitivity  at 

-PSS 

I0UT2  at  OV 

VFS/V 

full  scale  from 

VCC  -  +  14V 

to  +16V 

Vcc. 

Measured  at  lOUTl  and  1 

Rf 

MlL-M-38510/127 
REV  -  ORIG. 
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Table  I.  Electrical  performance  characteristics.  1/  (continued) 


Conditions : 

Characteristic  Symbol  Vcc  =  +  15V,  Vref  =  +  lOV,  Device  Limits  Units 

paragraph  3.4  and  Figure  7.  Type  Min  Max 


01  -0.2  0.2  %VFS 

Linearity  error  LE  Measure  the  following: 

(end  point)  1.  All  combinations  of  the  - 

^/  most  significant  four  bits  02  -.05  .05  %VFS 

with  the  lower  order  bits 

turned  off.  - 

2.  The  Individual  lower  bits  03  -.05  .05  ^VFS 

with  the  most  significant 

four  bits  turned  off.  - 

3.  The  code  word  with  the  most  04  -.012  .012  %VFS 

positive  combination  of 

bits  in  groups  1  &  2  above.  - 

4.  The  code  words  derived  from  05  -.012  .012  %VFS 

group  3  with  all  lower 

order  bits  complemented  - 

one  at  a  time.  06  -.05  .05  XVFS 

5.  The  code  word  with  the  most 

negative  combination  of  - 

bits  in  groups  1  and  2.  07  -.05  .05  ZVFS 

6.  The  code  words  derived  from 

group  5  with  all  lower  - 

order  bits  complemented  one  08  -.012  .012  ZVFS 
at  a  time. 

7.  Groups  1  through  6  with  - 

Vref  =  -lOV.  09  -.012  .012  ZVFS 

8.  Group  I  through  6  with 
Vref  -  1.25V. 

9.  Group  A  sample  -  all 
code  combinations  of  the 
digital  input  bits. 


Bit  linearity  LE  (BF)  If  any  end  point  linearity  05,  -.012  .012  ZVFS 
errors  tests  fail,  certain  devices  09 

(best  fit)  may  be  tested  to  a  best  fit 

criteria.  The  vendor  shall 
specify  the  criteria  (l.e.  3/4 
or  7/8  scale  adjustment)  and 
repeat  all  of  the  linearity 
t  est  s. 


Table  1.  Electrical  performance  characteristics.  1/  (continued) 


Characteristic 

Symbol 

Vcc  «  +  15V,  Vref  »  +  lOV, 
paragraph  3.4  and  Figure  7. 

Device  Limits  I 
Type  Min  Max 

Units 

Major  carry 
errors 

(differential 

linearity) 

MCE 

The  difference  between 
adjacent  codes  at  all 
major  transitions. 

(i.e.  from  01111111 
to  10000000) 

01  -0.4 

0.4 

XVFS 

02,03  -0.1 
06,07 

0.1 

%VFS 

04,05  -.025 
08,09 

.025 

%VFS 

Feedthrough 

error 

FTE 

Vref-20Vpp,  lOOkHz  and  all 
digital  inputs  low.  TA=«25°C 
Group  D  only.  See  Figure  8. 

01-05  - 

10 

mVpp 

06-09  - 

25 

mVpp 

Output  current 
settling  time 
(to  1/2  LSB) 

tSLH 

All  inputs  switched  simul¬ 
taneously,  low  to  high  and 
high  to  low  .  TA=25°C. 

See  Figure  9.  3/ 

All 

1 

usee 

tSHL 

All 

1 

usee 

Output 
capacl tance 

Co 

All  digital  inputs  at  Vcc 

See  Figure  10.  Co  at  lOUTl 

TA  -  25<^C  Co  at  I0UT2 

All 

All 

200 

75 

pF 

pF 

Output 

capacitance 

Co 

All  digital  inputs  at  OV 

See  Figure  10.  Co  at  lOUTl 

TA  -  25'’C  Co  at  I0UT2 

All 

All 

75 

200 

pF 

pF 

Noise 

en 

The  single  source  of  noise 
is  the  resistor  network, 
which  characteristically 
has  Johnson  or  thermal 
noise.  4/ 

Ail  6.5 

40  1 

Kohm 

Notes : 

1/  See  definitions  as  described  in  6.5. 

2/  Linearity  is  specified  to  be  within  +/-  1/2  LSB. 

Thus 

3/ 


•V 


an  8  bit  device  with  a  lOV  reference  must  have  end  point 
linearity  to  within  1/2  of  ( 100%VFS/2exp8)  -  0.195  2VFS  or  0.2  SiVFS. 
For  each  device  type,  output  current  settling  time  is  the  duration 
from  the  digital  Input  transition  until  the  output  for  a  lOV  analog 
ir.put  transliion  s  within  1/2  LSB  of  final  value 
Tre  R-2R  resistor  network  has  Johnson  or  thermal  noise.  Noise  at 
the  OUT  output  is  related  ti  the  noise  resistance  value  according  to 
en  -  SQR(4KTRn(BW)) 


where  K  »  Boltzmann's  constant  »  1.38*E-23  joules/OR 
T  -  Absolute  temperature  in  ®K 
Rn  ■  Rf(l+Rf/Ro)  changes  with  Ro  and  the  digital  code  word 
BW  >  Bandwidth  in  Hertz. 
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of 

R<mye  Air  Development  Center 

RAVC  ptani  and  ^xtcuJteJ^  KutoAch,  development,  test  and 
selected  acquisition  pKogAom  in  support  oi  Command,  Control 
Conmiunlcationi  and  Intelligence  (C^I)  activities.  Technical 
and  engineering  support  utithln  areas  o^  technical  competence 
Is  provided  to  ESP  Program  O^^lces  (POs)  and  otheA  ESP 
elemen^.  The  principal  technical  mission  areas  are 
communications,  electromagnetic  guidance  and  control,  sur¬ 
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